Background. The reproducibility of a self-administered questionnaire on different epidemiologlcal variables was examined in a random sample of a cohort of healthy women from trie South Swedish Health Care Region An identical questionnaire has previously been used for assessment of melanoma risk, in a population-based, matched, case-control study from the same region. Methods. Repeat questionnaires were completed on two occasions, 1-3 years apart, by 670 randomly selected subjects. In addition, exposure data from a case-control study were used to estimate the effect of mlsclassificatlon. Results. Overall, there was a fair to good consistency between the answers on the two occasions for the various epidemiotogical vanables. Exposure variables identified as risk factors for melanoma development were reasonably reproducible. The estimated proportion of agreement, A, ranged from 0.74 to 0.92, the average correct classification rate (assuming common sensitivity and specificity), ft, was »0.85 and the kappa coefficient, K, ranged between 0.52 and 0.83. However, the question on number of raised naevi on the ami was an exception since it had a lower test-retest reliability (A = 0.62, K = 0.77, K = 0.40). When using data from the case-control study, the effect of the estimated random misclassiflcatlon was found to only slightiy bias odds ratios toward one. Conclusion. Our questionnaire, used for assessment of melanoma risk, provided information with fair to good test-retest reliability, and corrected odds ratios were found to be only slightly higher than observed odds ratios
During the last 30 to 50 years the incidence of malignant melanoma has been rising in almost all white populations around the world. 1 Significant progress has been made in recent years in understanding the aetiology of the disease. Most of this knowledge derives from case-control studies in which data on past exposures have been collected, primarily from questionnaires (self-administered, used in face-to-face or telephone interviews). While statistical control for bias due to confounding factors has been routine in most casecontrol studies, so far very little has been done to examine the errors of the exposure measures that have been used and the bias they might bring about. For instance, it could be that the observed differences between studies from the northern and southern hemispheres regarding the character and timing of sun exposure and risk of melanoma, 2 at least in part, are an effect of different errors in measurement of sun exposure.
Misclassification of risk factors such as history of sunburn is almost inevitable. The total error can be divided into a systematic and a random component, which reflect the validity and reproducibility, respectively. The estimation of the random part requires replicate measurements for a sample of subjects while estimation of the systematic error demands data from a 'gold standard' method. Ideally both the validity and the reproducibility of exposure should be established to be able to adequately estimate the effect of the total misclassification. 3 However, for many exposures, for instance sun exposure, there is no clear 'gold standard ' . In these instances a simple test-retest study can provide, at least, information on the size of the random error.
The purpose of the present investigation was to estimate the reproducibility of a self-administered questionnaire, which previously has been used in a case-control study for assessment of melanoma risk factors. 4 ""* In addition, to evaluate the effect of the random misclassification of some important exposures, corrected as well as uncorrected odds ratios were calculated using exposure data from a case-control study.
MATERIAL AND METHOD
This study is based on three sources of information: (i) a large cohort of healthy women who answered a mailed questionnaire between 1990 and 1992; (ii) a random sample of women from that cohort who responded to the same questionnaire a second time in 1994; and (iii) subjects interviewed with the identical questionnaire in a recently conducted case-control study of malignant melanoma. 4 " 6 A total of 40 304 healthy women born between 1926 and 1965 were randomly selected from the National Population Registry of residents of the South Swedish Health Care Region (there are about 0.8 million female residents in this region). Between November 1990 and December 1992 they were mailed a comprehensive questionnaire including different epidemiological variables. A total of 29 512 women (73.2%) responded to the questionnaire.
The aim of this cohort study is to find determinants of malignant melanoma and other malignancies in women in the South Swedish Health Care Region by subsequent matching against the population-based Cancer Registry.
In January 1994, the questionnaire was mailed a second time to a random sample of those who responded the first time in order to assess the reproducibility of the questionnaire. Of 794 selected women, 670 (84.4%) completed the questionnaire the second time.
The questionnaire provides information on epidemiological variables such as constitutional factors, family history of malignant melanoma and other malignancies, medical history, prescribed drugs, educational level, occupation, ultraviolet radiation exposure, smoking habits, alcohol intake, and reproductive and hormonal factors.
An identical questionnaire has previously been used for assessment of melanoma risk in a population-based, matched case-control study from the same region. 4 "" 6 In short, between 1 July 1988 and 30 June 1990 a total of 400 melanoma patients (88.1 % of 454 eligible patients) and 640 healthy controls (70.1% of 913 healthy controls selected) aged 15-75 years answered the questionnaire. In the present report, exposure data from this case-control study were used to evaluate the effect of random misclassification.
The questionnaire provided categorical data. McNemar's test was used to see if there was any systematic exposure difference between the two questionnaire occasions. A P-value < 0.05 was considered significant. Response agreement was estimated (i) as the proportion of individuals who responded with the same answer both times (A) and (ii) as the kappa coefficient (K). 7 For ordered categorical variables weighted kappa (l^) was used, 8 with weights 1 -I i -j I / (k-1), where i and j index the row and column, respectively, and k the number of categories. For most purposes, kappa values of >0.75 represent excellent agreement beyond chance; values of 0.40-0.75 represent fair to good agreement beyond chance, and those <0.40 represent poor agreement beyond chance. 9 The widely used measures A and K yield the agreement and chance-corrected agreement of two responses to a question, respectively, and they may be used to judge the question's reproducibility. However, equally important is how the information from a reproducibility study could be used to adjust i.e. the odds ratio estimators. It is well known that the straightforward estimator is biased towards one when misclassification is independent of disease status (nondifferential).
Copeland et al. i0 and Greenland" have shown how to correct the odds ratio estimator for bias due to misclassification of a dichotomous exposure in simple case-control studies and matched-pair studies with one control per case, respectively. In both situations the bias depends on the sensitivity and specificity for cases and controls, respectively. Let, in a simple case-control study, P ca and P co be the proportion of exposed cases and controls, respectively, and assume non-differential misclassification with sensitivity, jr K , and specificity, Hjp. Then the corrected odds ratio estimate is OR = In the matched-pair situation one first solves a simple linear equation system relating the observed numbers of case-control pairs with exposure status (yes, yes), (yes, no), (no, yes) and (no, no) to the corresponding expected true numbers and the misclassification parameters. The corrected odds ratio estimate then is the ratio between the estimated true numbers of (yes, no) and (no, yes) pairs.
In the present reproducibility study it was not possible to estimate both sensitivity and specificity since the true exposure value was not known and the questionnaire was only administered twice. 12 Therefore, some simplifications must be made. According to Chinn and Burney, it was assumed that there was no systematic difference between the two occasions and that the sensitivity and specificity were equal (= it).
Then 7t is estimated by

Ji=
where A is the proportion in agreement and J the number of categories. For some exposure variables (e.g. number of raised naevi) it was more reasonable to assume perfect specificity (;r jp = 1) than that sensitivity and specificity were equal. Then for the dichotomous case the sensitivity (Jt^) may be estimated in a similar 26, (i + e n -e 22 )
where 6 n and 6 2 2 denote the observed relative frequency of subjects who were exposed and unexposed on both occasions, respectively. With the additional assumption that sensitivity and specificity were the same for cases and controls, corrected odds ratios were calculated using exposure data from the case-control study, and misclassification parameters estimated from the reproducibility study.
Occasional missing values for some exposure variables caused a slight variation in the number of subjects used for each analysis.
The cohort study and the case-control study were approved by the Ethical Committee of the Medical Faculty of Lund University. Informed consent was sought from all participating subjects, and for the case-control study also from the treating physician.
RESULTS
The questionnaire included 42 questions on different epidemiological variables. Nine selected questions have been more thoroughly analysed and the results are presented in Table 1 .
In order to clarify if there was any systematic difference between the two questionnaire occasions, the direction of the differences was studied. There was a significant shift toward reporting reduced number of episodes of sunburn per year (/> = 0.01) and reduced exposure to sunbeds (P < 0.001), respectively, at the second survey. Compared with the first occasion, fewer subjects reported themselves as being total abstainers (P = 0.007) on the second occasion.
The estimated indices of response agreement varied with the type of question. Overall the questions were reasonably reproducible. Among identified risk factors for melanoma, measures of ultraviolet exposure and sunscreen use, respectively, showed fair to good testretest reliability. The proportion of agreement, A, ranged between 0.74 and 0.83, the average correct classification rate, n, was &0.85 and the kappa coefficient, K, ranged between 0.52 and 0.73. Reproducibility measures of other sun exposure variables, e.g. history of sunburn before age 15 years and from age 15 to 19 years, respectively, were essentially the same as those presented for the sun exposure variables in Table 1 (data not shown).
Measures of constitutional factors, like hair colour and freckles, had slightly higher estimates of reproducibility than measures of ultraviolet exposure and sunscreen use. However, among these factors, number of raised naevi was an exception since the proportion of agreement for this question was found to be only 0.62 (n = 0.77 and K^ = 0.40). In comparison, the indices of response agreement were higher for the question on number of naevi on the left arm, categorized as none, 1-5 and >5 (A = 0.72, JT = 0.84 and K W = 0.51) (data not shown).
The question on smoking showed the highest testretest reliability (A = 0.97, it = 0.99 and K = 0.95).
When data from questions with three possible answers were grouped into two categories the reproducibility improved. For subjects who reported having red hair colour the question on hair colour (red versus other) was fully reproducible (A = 1.0, n = 1.0 and K = 0.92). The indices of response agreement for dark/lightblond/fair versus other hair colour were also very high (A = 0.88, n = 0.94 and tc = 0.77). Table 2 presents exposure data for some melanoma risk factors from a case-control study from the South Swedish Health Care Region, together with the probability of correct answer, 7t, as estimated from the reproducibility study. Moreover, the observed and corrected odds ratios as well as the bias due to random misclassification are shown, assuming unmatched controls. As can be seen the observed odds ratios somewhat underestimated the corrected odds ratios. The average number of episodes of sunburn per year yielded the greatest bias due to misclassification (17% underestimation).
In matched (by sex, age and parish) analyses, misclassification bias was found to be virtually the same as above (data not shown). Thus, the bias varied from none to -17%. Notably, in these analyses only one matched control was used for each case-matched pair data. ' In Table 2 the corrected odds ratio for one or more raised naevi versus none was calculated assuming perfect specificity (n^ = I), using n x as the misclassification parameter. ' A perfect specificity (= 1) was asumed so the sensitivity (S^) is given instead of ft. The ORC was calculated using ft,,.
TABLE 1 Responses and measures of reproducibiliry for nine questions selected from a self-administered questionnaire that 670 subjects completed on two occasions 1-3 years apart
DISCUSSION
The aim of the present study was to evaluate the reproducibility of exposure data from a self-administered questionnaire. In addition, it was to estimate to what degree the random errors for some known melanoma risk factors 4 ""* affected measures of association. Overall the test-retest reliability of the exposure measures was fair to good and corrected odds ratios were only slightly higher than observed odds ratios.
A notable limitation of the present study is that we were mainly able to consider random errors since no error-free comparison method of measurement of the relevant exposures was available. Thus, systematic errors were only considered with regard to change in exposure over time. However, since any single measurement is subject to random within-person variability due to measurement error, intrinsic biological variation, or a combination of both, it is important to see how large the random errors are, and also to what extent they might bias measures of association such as odds ratios.
The sequential administration of two or more questionnaires raises the concern that the completion of one may influence the responses to another. Therefore it is important to allow ample time between them in order to reduce this bias. In the present study the two periods of testing were well separated (i.e. 1-3 years) and some of the lack of agreement might have been due to true variation in behaviour and experience over time or recall bias due to the time lag. Actually, for three variables (number of sunburn episodes per year, exposure to sunbeds and being an abstainer or not) we found evidence for a shift toward reporting reduced exposure at the second occasion. Thus, for these questions the indices of response agreement provide only a lower limit of consistency. Regarding the reported average number of sunburn episodes per year, the change may reflect altered behaviour due to the acceptance of sunburn as a danger, something regularly commented on in the lay press in recent years. It is noteworthy that the questions on the history of sunburn experienced in different age periods (childhood, adolescence and adulthood) provided highly reproducible answers without evidence of change over time. Furthermore, the degree of reproducibility was essentially the same for all three periods of time.
In the present report reproducibility of data was collected from a random sample of a cohort of healthy women. No patient with malignant melanoma was included in this test-retest reliability study, and we were therefore not able to assess differential misclassification (i.e. if the sensitivity and specificity differ for cases and controls). A major potential source of differential misclassification in case-control studies is recall bias, but in the few areas where it has been studied, there is, overall, no evidence for the presence of appreciable recall bias.
14 In a recently conducted reliability study, nested within a population-based case-control study of cutaneous malignant melanoma, questions on sunburn-related variables were considered free of recall bias. 15 In contrast, results from a case-control study nested in the Nurses' Health Study cohort indicated possible recall bias with regard to reported ability to tan, but not for hair colour, following the diagnosis of cutaneous melanoma. 16 Women questioned before and after the diagnosis of melanoma reported a lower degree of tanning in the second survey. However, the question about tanning ability was not asked with identical wording on the two occasions. The first questionnaire asked about tanning as a child or adolescent while the second asked about current tanning.
For dichotomous measurements the reproducibility is determined by the sensitivity and specificity of the measurement method. Three or more observations per person are needed to estimate these parameters when an error-free referent method is not available. 12 In the present study, with only two administrations, constraints were required, and assuming equal sensitivity and specificity (= Jt) an average probability of correct classification was estimated. 13 An advantage with n as a reproducibility measure is that it is easy to comprehend and that it can be directly used to adjust the odds ratio estimate if one also assumes non-differential misclassification. Obviously, n is less useful when the sensitivity and specificity differ much.
Reviewing the epidemiological literature, we found very little quantitative data on reliability of the measures of exposure that have been used in the epidemiological studies of melanoma. A few studies have investigated the reliability of observer and/or subject assessment of naevus count. 17 " 19 In a general population survey the inter-observer correlation for the unrestricted count of all moles was 0.89.
n Walter et al. found overall good inter-observer reliability but only a modest level of association between self-reported estimates and interview counts during an actual case-control study of melanoma. 18 However, in the latter situation the subject's estimation of whole body mole density through mole diagrams was compared with the interviewerderived mole count on the arm. English et al. showed a fairly high inter-observer reproducibility in a survey of benign naevi among children. 19 Concerning other measures of exposure, Weinstock et al. found, as in the present study, a fair to good test-retest reliability of hair colour assessed in a questionnaire. 16 Except for the abovementioned possible recall bias among 'incident cases', the reliability of the question on tanning was also fair for 'prevalent cases' and controls, respectively. However, in comparison with the results of the present study, Berwick and Chen presented lower indices of response agreement for sunburn-related variables. ' 5 Hence, to our knowledge this is the first study that has measured the reproducibility of all data from a questionnaire used for assessment of melanoma risk. Our results indicate that our self-administered questionnaire can provide information with fair to good testretest reliability. With the exception of raised naevi count, exposure variables identified as risk factors for melanoma development were reasonably reproducible. The lower indices of response agreement for number of raised naevi may reflect uncertainty in interpreting the actual meaning of the term 'raised' since the question on number of naevi showed a higher degree of reproducibility.
We found, using exposure data from a case-control study, that, overall, corrected odds ratios were only slightly higher than observed odds ratios. In some instances it seems unrealistic to assume that sensitivity and specificity are equal since it appears unlikely that subjects would falsely report an exposure that did not occur. Concerning raised naevi, this assumption is supported by a recent study in which it was found that individuals without palpable arm naevi were able to determine that they had none by self-examination. 20 Therefore, we found it reasonable to assume perfect specificity when calculating corrected odds ratios for raised naevi (Table 2) .
In the present study we used data from a random sample of a cohort of healthy women to estimate the random errors that were used in the correction models. The questionnaires were identical and they were administered in an identical manner in both the cohort study and the case-control study. However, ideally the testretest reliability data should come from a subsample of the main study population (including cases and controls of both sexes), 3 otherwise the correction is only valid if it can be assumed that the subjects in the reliability study are similar to the subjects in the main study. The corrected odds ratios and biases in the present study should thus be considered as realistic examples given the assumption, equal sensitivity and specificity and no recall bias. In this context it is important to remember that test-retest reliability studies may only yield a best value of validity, especially if there are sources of systematic error.
